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Previous work done on the rearrangement of epoxidy free radical shows decomposition
processes. Styrene oxide, cyclohexane oxide and stilbene oxide were studied at room
temperature using Fenton reagent as a radical initiator. Results of the study obtained on
styrene oxide reaction shows the formation of bibenzyl with a percent yield of 7.5%. The
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Organic chemists have recognized the possible existence of species such as free
radicals and attempted to isolate them since the beginning of the modem structural theory.
Free radicals may be viewed as chemical species in which molecules contain one or more
unpaired electrons.’ They may be neutral atoms or groups having a net magnetic moment
and are, therefore, paramagnetic. Free radicals are formed from molecules by homolytic
breaking of bonds whereby each fragment retains an electron. An example which best
illustrates the above definitions of a free radical is:
A B ►•A+
Free radical reactions have biological and chemical importance; organisms utilize
atmospheric oxygen by a sequence of reactions that begin with free radical oxidation -
reductions. Radicals usually do not have a positive or negative charge, and are highly
reactive because of their unpaired electrons. Intensive studies on organic free radicals,
conducted in the area of physical organic chemistry have provided substantial information
about fundamental properties of these species.^® Free radicals are usually high energy,
short lived and nonsoluble reaction intermediates. Reactions of free radicals can either
yield stable products by mutual amihilation and disproportion or lead to other radicals by
propagation.^
Free radical rearrangements are rare and uncommon when compared with
rearrangements of cationic or anionic species. Early work by Bartlett and Walhng played a
vital role in the subsequent development of free radical rearrangements.'*’^ Free radical
intermediates which frequently involve migration include aryl, vinyl, acyl, and unsaturated
substituents, whereas, migration of saturated groups is unusual.*
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Free radical rearrangements may be classified according to the overall structural
change or the nature of the individual steps that are involved. The concept of overall
structural changes, by any definition of a rearrangement, is rather a loose one. In order to
understand the nature of free radical rearrangements, classification on the basis of
individual steps is more illuminating, and in turn, requires some brief comments on free
radical rearrangements in general^.
1.2 TYPES OF STEPS IN FREE RADICAL FORMATION
Free radical reactions involve three steps, initiation, propagation and termination.
Free radical initiation and the termination processes are quite simple.
Initiation step
Free radical reactions usually involve an initiation step to form the radical. Radicals are
formed in pairs by cleavage of a bonding electron pair^. Free radicals can also be formed
by thermal or photochemical dissociation of peroxides or halogens An example of the
photochemical process using the chlorine molecule is illustrated below:
Ci:Cl »- mCl + •C\ (1 2)
The energized chlorine molecule splits into two chlorine free radicals.
An example of thermal radical formation from peroxides is:
ROOR ■ » 2RO*
heat (13)
Propagation step
The propagation step is when radicals are continuously being regenerated. An example of
this process is the reaction of a chlorine free radical with a hydrogen molecule.
• Cl + H: H ► HCl + • H
+ C1:C1 ^ HCl +C1* (1.4)
The chlorine free radical reacts with a hydrogen molecule to give hydrogen chloride and a
hydrogen free radical. This hydrogen free radical then reacts with the chlorine molecule to
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give hydrogen chloride and the chlorine free radical. This reaction process can be
continuously repeated.
In the above chlorination, hydrogen chloride was formed in the propagation reaction. The
propagation steps in chain reactions are the key to understanding the nature of the
product formed. The four main types of reactions that occur as part of the propagation
sequence in radical chain reactions are transfer reaction, additional reaction,
transformation reaction and rearrangement, of which the first two are the most common.1.Transfer Reaction: The site of the odd electron changes, but the number of radicals
does not change; usually the hydrogen or halogen atom is transferred.
R* + RTI RH + R-'
R* + R'Cl ^ RCl +R*'
0* + CClsBr ^ 0Br + •CCI3 (1.5)
These reactions are called transfer reactions and the molecules that react with the free
radical are called transfer agents. When one or more atoms transfer electrons, the reaction
is a propagation step in the chain reaction and does not lead to structural change.2.Addition to a multiple bond:
«R + h/:=CH2 ►R CH CH3
As illustrated in the above example, a more stable secondary radical is preferred to the
primary radical. For aliphatic radicals, stability increases in this sequence: primary <
secondary < tertiary'*.3.Decomposition or transformation reaction: A reaction that is the reverse of an addition





The most common fragmentation reaction is a P-scission in which a pmr of electrons
P to the odd electron divides.
4. Rearrangement: Rearrangements in which a fimctional group migrates are not




The termination step eliminates the radical during the reaction sequence. Complex alkyl
radicals terminate by either combination or disproportionation^:
2CH3 CH2« combinatiot^ CH3CH^CH3CH3
2CH3 CH^» + CH^=CH3
Radical combinations also lead to termination: An example of the combination of free
radicals leading to termination.
2CU ► CI2
H. +C1* ^ HCl (1.10)
1.3 APPLICATION ANALYSIS
In recent years, numerous suggestions have been made regarding the application of
epoxidyl free radicals. The objectives of this research were to: (1) demonstrate the effect
of different substituence on the epoxy ring such as cyclohexane or benzene on one end of
the epoxide ring or the effect of benzene on both sides of the epoxide ring. (2)
demonstrate the relationship or differences on the rearrangement of the free radicals
formed by these epoxides, and (3) demonstrate the combination of the free radicals that
lead to termination.
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In this research, the reaction of peroxides with epoxides with cyclohexane or
benzene on one end and benzene on both ends of the epoxide was used to form free
radicals. Early studies on free radicals by McBay were carried out with the reaction of
diacetyl peroxide and ketones.^Through dehydrodimerization, the methyl free radical
generated by the thermolysis of the peroxide formed 1,4- diketones from aliphatic ketone^.
The characterization techniques used in this research were Infrared Spectrometry (IR.)
Proton Nuclear Magnetic Resonance Spectroscopy ('H-NMR), Carbon-13 Nuclear





Free radical chemistry dates back to 1900, when Gomberg demonstrated the
existence of the triphenylmethyl radical. In the 1920's, small organic molecules also
received attention in the study of the gas phase photo polymerization of ethylene by
H. C. Taylor. 11 By the end of 1930's, free radical chemistry was clearly poised for rapid
development.
Literature search during the past twenty five years on the chemistry of organic free
radicals, reveals a number of synthesis of 1,4 diketones which have been prepared via
methyl free radical dehydrodimerization. ^ The thermal decomposition of diacetyl peroxide
generated by methyl free radical have been using hydrogen abstracting agents. Aliphatic
ketones with at least one hydrogen atom at the alpha position to the carbonyl group,
produce dimers with good yields.
Organic reactions induced by ion radicals or free radicals started by studying the
ring opening reactions of epoxy carbonyl compound. Free radical reactions have been used
increasingly in the recent years for synthesis of organic molecules such as the formation of
carbon-carbon bonds. 1®
2.1 SYNTHESIS OF BIBENZYL
The study of epoxidyl free radicals, at room temperature or under normal
conditions is not well known. Reports of earlier studies include evidence which depicts the
kinetics and the mechanism of the neophyl- type rearrangement of the benzoyl methyl
free radical. The interest that led to the study of the rearrangement of epoxidyl free
radicals, especially of the styrene epoxidyl free radical, is the reported evidence of the
potential energy profile depicting the rearrangement of epoxidyl free radical. Evidence
supporting the postulate that the alpha styrene epoxidyl free radical rearranges as follows;
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The suggested pyrolysis mechanism^’ ofbibenzyl is as follows:
The suggested potential energy profile for the above mechanism is given below.
Figure 1. Potential energy profile for the rearrangement of the epoxidyl free radical
generated from styrene (Ndu, L. N. Thesis, Clark Atlanta University, 1994)
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An earlier study by Bluncson^^ did not report the evolution of carbon monoxide
gas in her study on the generation of alpha styrene epoxidyl free radical using the
hydroxyl radical, generated by the Fenton reaction.
+ HO;OH -> [ (OH-)]^‘ + •OH
Bluncson also demonstrated that towards the end of this reaction, as the
concentration of the Werner Complex [ Fe^'*' OH* (OH2)5]^‘'' increases, more carbon
monoxide seems to be absorbed.
[Fe^^OH-(OH2)5f+ + SCO -> [Fe^^OH-(CO)5f'^ + SH^O. (2.4)
At the beginning of the reaction carbon monoxide gas is rapidly given off, by the end of
the reaction time, no gas was given off because the reaction was complete. In this
reaction, Bluncson accomplished the rearrangement of the epoxidyl radical, however,
isolation and characterization of the cognate product were not possible.*^
2.2 ATTEMPTED SYNTHESIS OF 1.4-010YCLOHEXADIONE
Literature search on the synthesis of 1,4-dicyclohexadione revealed that its
synthesis has not been attempted at room temperature via generation of the epoxidyl free
radical intermediate. However, there is evidence that the photolytic and thermal
decomposition of butanone and cyclobutanone proceeds via a homogenous,
unimolecular process and a diradical intermediate.^^ Although reports found in the
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literature have no direct bearing to this reaction, they give insight into what might occur.
A suggested method to generate 1,4-dicyclohexadione via an epoxidyl free radical is given




Earlier work done on the epoxidyl free radical by McBay et al proposed that the
benzoylmethyl radical would rearrange to generate styrene epoxidyl radical. It was also
proposed that this would happen due to the fact that benzoylmethyl radical has a higher
potential energy than styrene epoxidyl radical. However, it has been discovered in this
group that styrene epoxidyl radical has a higher potential energy than benzoylmethyl
radical. Thus styrene epoxidyl radical rearranges to benzoylmethyl radical and ultimately
bibenzyl is produced.
The initial approach in this study was to develop facile methods to generate
epoxidyl free radicals. The structure of the compounds involved were examined to
determine the sequence in which the epoxide bonds would homolitcally cleave. Molecular
orbital and potential energy calculations were used to give insight into the stability and
reactivity of chemical bonds. In addition, potential energy calculations were used to
successfully predict feasibility and stereo chemical of several classes of organic reactions.








a; \^= 0.6247(l>j - Ocl)^ - 0.7809(|)^
a + 1.2806(3; v|/ = 0.5520(t) ^ +0.7070(j)^+ 0.4417(|)^
Diagram 1
It was concluded from these calculations on the postulated transition state that the
reaction path would proceed as indicated by the reaction path 2.2 of this experiment.
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3.1 EXPERIMENTAL DISCUSSION
One very good and widely used method for generating hydroxyl free radical at
ambient temperatures is the Fenton reaction.
Co++(S04)-- + HO:OH ^ (0H) (S04)"] + •OH (3.2)
In this reaction hydrogen peroxide dissolved in tertiary butyl alcohol is slowly added with
stirring, to a solution of tertiary butanol containing styrene oxide saturated with cobatous
sulfate. When this reaction was carried out at room temperature and slightly above, there
was an induction period during which time the carbon monoxide was generated seemlessly
and collected. After twenty to thirty minutes, depending on the quantity of hydrogen
peroxide added, a highly exothermic process was observed. This reaction was repeated
several times with similar results. The following reaction sequence presented is a plausible
interpretation of the observations.
Co^CSO^)” + HO:OH ^ [ Co^'’ (0H) (S04)"] + •OH (3.3)
As the reaction (1) progresses the concentration of trivalent cobaltic ion increases. Then,
[Co’*OH (OHj)/SO/] + nCO ^ [Co’*(CO)/OHj)(^„)(OH )(So/ )] +
n OH^. (3.5)
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A material with 'H NMR spectrum consistent with this epoxy resin was obtained.
Figures 2 and 3 shows 'H NMR spectra and NMR spectra of biben2yl respectively
(la). 'H NMR shows the benzene ring (-C6H5)at 5 7.3 ppm, methyl (-CH2) chemical shift
at 5 3.8 ppm, the solvent (DCCI3) at 5 2.1 ppm and TMS at 5 0.04 ppm. NMR shows
TMS at 6 -0.1 ppm, phenyl (-CeHs) chemical shift at 5 125.1-137.0 ppm. Phenyl (C-1) at 6




























Figures 4 and 5 show the IR. spectra and GC-MS spectra on bibenzyl respectively.
IR. spectra shows an aromatic at 1490 cm ’, methyl stretch at 850 cm ' and a carbon-
carbon (C-C) stretch at 1380 cm ’. GC-MS spectra shows the molecular weight (M-i-) at
182, ArC2H4 at 104m/z (M-78) and ArCH2 at 91m/z (M-91) which is also the base peak.
Figures 6 and 7 show ’H NMR spectra and ’^C NMR spectra on the oil product
(lb) respectively. ’H NMR spectra shows a benzene ring at 6 7.9 ppm this is due to the
present of carbonyl peak close by. It also showed a solvent (DCCh) at 6 2.2-2.4 ppm,
methyl (-CH2) chemical shift at 5 3.2 ppm and TMS at 5 0.2 ppm. The ’^C NMR spectra
on the oil crude product shows TMS at 5 0.1 ppm, phenyl is at 5 125.1-137.0 ppm. Phenyl
C-1 at 6 135.9 ppm, C-2,6 at 6 128.4 ppm, C-3,5 at 5 127.9 ppm C-4 at 5 126.8 ppm and
Ph-CHz-CO at 5 41.1 ppm.
Figures 8 and 9 show the IR. spectra and GC-MS spectra on the oil product(lb)
respectively. IR. shows aromatic at 1600 cm-1 a carbon-carbon (C-C) stretch at 1470 cm-
1 and carbonyl at 1730 cm-1 and methyl stretch at 770 cm-1. GC-MS shows base peak at
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One expects not to see the evolution of carbon monoxide when using a cyclic
epoxide such as cyclohexane oxide. Hence, it is well established that the alkanoyl free
radical expected from the rearrangement of the epoxidyl free radical does not lose carbon
monoxide, these radicals are known to dimerize with its structural integrity preserved.
Figures 10 and 11 show 'H NMR spectra and '^C NMR spectra on 1,4-
dicyclohexadione respectively. 'H NMR spectra shows the methyl (-CH2) stretch at 5 3.4
ppm, the cyclic carbonyl methyl (-COCH2) at 6 1.2 ppm and IMS at 5 -.02 ppm.
NMR spectra shows TMS at 5 -0.2 ppm, carbonyl carbon at 5 206.6 ppm. Cyclic carbon
C-2,6 at 5 77.4 ppm, C-3,5 at 5 76.9 ppm and C-4 at 5 76.4 ppm.
Figures 12 and 13 show the IR. spectra and GC-MS spectra on 1,4-
dicyclohexadione respectively. IR. spectra shows a carbonyl at 1740 cm-1 a carbon-
carbon (C-C) stretch at 1370 cm-1. GC-MS spectra shows base peak at 70m/z but did not
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Figures 14 and 15 show *H NMR spectra and '^C NMR spectra on 1,2-
tetraphenyl-ethane respectively. ‘H NMR spectra shows diphenylmethyl (Ph2CH-) at 6 7.8
ppm, aromatic (-CeHs) at 5 7.3 ppm the methyl (-CH2) stretch at 5 3.4 ppm, solvent
(DCCI3) at 6 2.1 ppm and IMS at 5 0.01 ppm. NMR spectra shows TMS at -0.1 ppm,
phenyl is at 5 125.1-137.0 ppm. Phenyl C-1 at 6 137.0 ppm, C-2,6 at 5 128.4 ppm, C-
3,5 at 5 128.1 ppm C-4 at 5 125.3 ppm carbonyl carbon at 5 147.1 ppm.
Figures 16 and 17 show the IR. spectra and GC-MS spectra on 1,2-tetraphenyl-
ethane respectively. IR. spectra shows a carbonyl at 1740 cm-1, a carbon-carbon (C-C)
stretch at 1460 cm-1, aromatic at 1585 cm-1,. GC-MS spectra shows base peak at
167m/z, did not show the molecular weight (M+), benzyl (CeHs) at 77m/z , (Ph2C20H-) at
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4,1 MATERIALS. SOLVENTS AND PURIFICATION METHOD
Cyclohexane oxide, stilbene oxide and styrene oxide were purchased from Aldrich
Chemicals. Teterhydrofiiran was distilled before using. Styrene oxide and stilbene oxide
were used as purchased. Cyclohexane oxide was used after distilling at 129-130°C.
Perkin Elmer 16 PC infrared spectrometer was used to obtain IR. spectrum.
Aspect 3000 WM. 250 nuclear magnetic resonance spectrometer was used to obtain both
the proton NMR and carbon-13 NMR spectra. Hewlett 5890 Packard series II Plus GC-
MS spectrometer was used to obtain GC-MS spectra. Mel Temp 11 at power 5 was used
to obtain melting point reading.
4 2 REACTION OF STYRENE OXIDE
To a 500 ml three necked round bottom flask, 75.82 grams (0.43 mol) of Cobalt
(II) sulfate hydrate and 33.7 ml (51.7 grams, 0.43 mol) of styrene oxide were placed with
a magnetic stirrer. To this reaction mixture, 200 ml of Teterhydrofuran and 22 ml of 30%
hydrogen peroxide were added dropwise. This led to the evolution of a gas which was
collected over water by displacement and measured. The reaction mixture was stirred
continuously for a week at room temperature. After completion of the reaction, the
reaction mixture was filtered to remove solids and the excess reagents were distilled off at
atmospheric pressure. The residue was dried with calcium chloride (CaCl2) and calcium
sulfate (CaS04) reagent, filtered and vacuum distilled at 1.0 mm pressure at 150-154‘’C.
An oil was collected. The first fraction which was collected at 60-63”C at 1 mm was
identified as styrene. Upon standing for two days crystals formed at the bottom of the
flask. The oil and crystal product was separated and IR., NMR, and GC-MS were
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obtained on the oil (lb). IR. (neat) 1720 cm'* (carbonyl), 1800-1870 cm'*(benzene). GC-
MS (THF) base peak at 70ni/z. 'H NMR (CDCLj) 6 0.01 ppm (IMS), 6 2.1 ppm (Ar-CH)
5 3.7-3.9 ppm (C-C), 6 7.9 ppm (benzene). These crystals were recrystallized several
times in 95% ethanol and a total of 3.317 grams of the product was obtained with a
melting point of 45-479C. This crystal was characterized, identified and analyzed using
IR., NMR, and GC-MS. The result of the analyzed crystal was identified as bibenzyl (la).
This was based on the absorbed band on the IR* (THF) 1783 cm'*(benzene), ’H NMR
(CDCI3) 5 0.04 (TMS), 5 2.1 ppm (Ar-CH), 5 3.8 ppm (C-C), 5 7.3-7.4 ppm (benzene).
GC-MS (THF) M = 182 m/z and the base peak at 91 (M-91).
4 3 REACTION OF CYCLOHEXANE OXIDE
To a 500 ml three necked round bottom flask, 15.5 grams (0.43 mol) of cobalt
(11) sulfate hydrate and 10 nil(9.7 grams, 0.099 mol) of cyclohexane oxide were placed in
it. Peroxide was added dropwise while the solution was stirring. An additional 15 ml of
30% hydrogen peroxide and 5 ml of Teterhydrofiiran were added into the solution also
dropwise. In this reaction no gas was given off. The solution was continuously stirred for
a week at room temperature. After completion of the reaction, the solution was filtered.
The excess reagents were distilled off and the crude product was left in the round bottom
flask. The residue was dried with calcium chloride (CaCb) and calcium sulfate (CaS04)
reagent, filtered and vacuum distilled at 1.0 mm pressure at 125-1300C to obtain the
products left. The distillate obtained was left to stand for about 30 minutes, at which time
crystals formed. The crystals were recrystallized several times in 95% ethanol. A total of
2.93 grams of product was obtained with a melting point of 79-83®C, dried and analyzed
using IR., NMR and GC-MS spectra. IR. spectra(THF) 1740 cm'* (carbonyl). GC-MS
spectra (THF) CeHpO at (97m/z.), basepeak (70ni/z)..
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4.4 REACTION OF STILBENE OXIDE
To a 500 ml three necked round bottom flask, 19.32 grams (0.984 mol) of stilbene
oxide and 17.76 grams (0.1 mol) of cobalt (II) sulfate hydrate were placed. To this
mixture were added, dropwise, 150 ml ofTeterhydrofiiran and 11.3 Ml of 30% hydrogen
peroxide while the solution was stirring. During this reaction no gas evolution was
obsevered. The solution was continuously stirred for a week at room temperature. After
completion of the reaction, the solution was filtered. The filtrate was then washed with
distilled water and crystals were recovered. This crystals were recrystallized and dried.
The crystals were assumed to be the product but IR. results obtained showed that the
crystals contained unreacted stilbene oxide. This conclusion was made by comparing the
IR. result obtained from the experiment with the IR. result of the starting material which is
stilbene oxide. The solvent was distilled out of the solution. The residue was dried with
calcium chloride (CaCU) and calcium sulfate (CaS04) reagent, filtered and vacuum
distilled at 1.0 mm pressure. The product was characterized, identified and analyzed using
m.., NMR, GC-MS. IR.(neat) 1790 cm-‘(benzene), 1754 cm'^ (carbonyl). 'H NMR(CDCl3)
0.01 ppm (TMS), 2.1 ppm (Ar-CH), 3.8 ppm (C-C), 7.3-7 8 ppm (benzene). '^C NMR
spectra (CDCb) 125.1-137.0 ppm (phenyl), carbonyl carbon at 6 147.1 ppm. GC-MS




Results from earlier studies demonstrated that phenacyl radicals at elevated
temperature will rearrange to form benzyl radical. The results of this study suggest
that at room temperature radical can be generated by rearrangement of styrene epoxidyl
free radical. In this study no satisfactory mass balance sheet has been generated on the
amount of carbon monoxide (CO) gas. However, these finding, certainly are consistent
with the postulate regarding the nature of the rearrangement of the a-styrene epoxidyl
free radical. This radical dimerizes to form bibenzyl. These results are significant because
they suggest that the Fenton reaction generates at least three processes in the system when
the intended substrate is styrene oxide. The system was less complicated when a cyclic
epoxide such as cyclohexane oxide is the intended substrate. Styrene oxide yields some
phenacyl free radical and some by product which could be polymeric styrene. 1,2-epoxy





1. HUCKEL MOLECULAR ORBITAL CALCULATION
a - E 3 0
1 a-E .83
0 .83 a-E
Divide through by 3
r

























m 'm .8* -1 1 + 0 1 m
r— bo 0 mj 0 .8.
m (m2 - .64) -1 (m - 0) + 0 (.8 - 0) = 0
m2 -,64m -m = 0
Pm = m2 - 1.64m = 0
m (m2 -1.64) = 0
m = 0
m2 - 1.64 = 0 ; m2 = 1.64
m = ±Vl.64 = ± 1.2806
m = - 1.2806 ;a-(-1.2806) = a+ 1.2806P
m = 0;a-0 = a-0
m = 1.2806 ; a - 1.2806 = a -l ,2806p
(m + 0) (m - 1.2806) (m + 1.2806) = 0
Ei = a+ 1.2806P
E2 = a - 0
E3 = a-1.2806P
1. Ci(Hn - ES) + C2 (Hi2 - ES) + C3 (Hi3 - ES) = 0
2. Ci(H2i - ES) + C2 (H22 - ES) + C3 (H23 - ES) = 0
3. Ci(H3i - ES) + C2 (H32 - ES) + C3 (H33 - ES) = 0
1. Cl (a-E) + C2 (P) + C3 (0) =0
2. Cl (p) + C2 (a - E) + C3 (.8P) = 0
3. Cl (0) + C2 ( SP) + C3 (a - E) = 0
El = a + 1.2806, therefore,
1. Cl (a-[a+ 1.2806]) + C2(P) + C3 (0) =0
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2. Cl (p) + C2 (a - [a + 1.2806]) + C3 ( SP) = 0
3. Cl (0) + C2 (.8p) + C3 (a -[a + 1.2806]) = 0
1. Cl (-1.2806)+ C2(P) + C3(0) =0
2. Cl (p) + C2 (-1.2806) + C3 (.8p) = 0
3. Ci(0) + C2(.8p) + C3 (-1.2806) = 0
^Normalized l/>/N {(Ci/CiMii + (Cj/CiWj + (C3/Ci)(|.3) = 0














(-) (m - 0)
- 0.64
■ 1.2806












'^Normalized 1/ VS(CN/Ci)2{(Ci/Ci)(j>i + (C2/Ci)<l)2 + (C3/Ci)(|)3} = 0
V|/i = 1/VE(Cn/Ci)2{1(|)i + 1.2807(1)2 + 0.8001(1)3}
VI(Cn/Ci)2 = V(l)2 + (1.2807)2 + (0.8001)2
= Vl+ 1.6401925+ .64016 = V3.2803525 = 1.8111
= 1/1.8111743 = 0.551947 = 0.5520
\|/1 = 0.5520 (1(1)1 + 1-2807(1)2 + 0.8001(1)3)
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= 0.5520(|)i + 0.70695(j)2 + 0.4417(1)3
For E2 = a -0 therefore,
1. Cl (a - [a-0]+C2 (p) + C3 (0) =0
2. Cl (P) + C2 (a - [a -0]+ C3 (.8P) = 0
3. Cl (0) + C2 (.8p) + C3 (a -[a -0] = 0
1. Cl (0) + C2 (P) + C3 (0) =0
2. Cl (P) + C2 (0) + C3 (.8P) = 0
3. Ci(0) + C2(.8P) + C3(0) = 0
^Normalized = 1/^ {(Ci/C{)^i + (C2/Ci)h + (C^/COh) = 0
1/ VN(CN/Ci)2{(Ci/Ci)(t)i + (C2/Ci)(j)2 + (C3/Ci)(l)3} = 0
m .8
.8m m2 - 0.64 - 0.64
Cl/Cl = = = =1






0 m^ (-) (m - 0) -0











^Normalized = 1/ VZ(CN/Ci)2{(Ci/Ci)(t>i + (C2/Ci)(l>2 + (Cj/COh) = 0
V|/1 = 1/ VI(Cn/Ci)2{1(|)i - 0(j)2 - 1.25(1)3}
VE(Cn/Ci)2 = V(l)2 + (0)2 + (-1.25)2
= Vl+0+ 1.5625 = V2.5625 = 1.6007811
= 1/1.6007811 = 0.6246951 E 0.6247
vi/2 = 0.6247 (l<j)i - 0(|)2 - 1.25(1)3)
= 0.6247(})i + 0(1)2 + 0.7809(1)3
For E3 = a -0 therefore,
1. Cl (a - [a + 1.2806]+ C2 (P) + C3 (0) = 0
2. Cl (P) + C2 (a - [a + 1.2806]+ C3 (.8P) = 0
3. Cl (0) + C2 (.8p) + C3 (a -[a + 1.2806] = 0
1. Cl (+1.2806) + C2 (P) + C3 (0) = 0
2. Cl (p) + C2 (+1.2806)+ C3 (.8P) = 0
3. Cl (0) + C2(.8p)+ C3 (+1.2806) = 0
'J'Nonnalized = 1/^ ((Ci/C,)*, + (CyCjHa + (Cj/C,)*,) = 0






























= 0.8000509 = 0.8001
0.9999364
'^Normalized 1/ Ate(CN/Ci)2{(Ci/Ci)(ii, + (Cj/CiHi + (Cj/Ci)*,)
\\ll =1/ VI(Cn/Ci)2{ l<j)j + (-1 .2807)(1)2 + 0.8001(|>3}
VZ(Cn/Ci)2 = V(l)2 + (-1.2807)2 + (0.8001)2
= Vl+ 1.6402+ .6402 = V3.2804= 1.8112
= 1/1.8112 = 0.5521
\|/3 = 0.5520 (l(j>i - 1.2807(1)2 + 0.8001(|)3)
= 0.5520())i - 0.70695(j>2 +
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